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SUMMARY – Neoplastic etiology of intracranial cerebral aneurysm is rare. Yet, the risk of its 
development is higher in malignant tumor patients receiving radiation therapy. Due to the possible 
negative effects of irradiation on intracranial vessel walls, the risk of aneurysm formation after radia-
tion therapy, which is crucial for some types of breast cancer patients, continues to be a matter of 
 debate. The aim of this study was to evaluate the hazard of multiple intracranial aneurysm develop-
ment in patients with malignant disease undergoing radiation therapy. It is based on literature review 
and case report of a 77-year-old female patient who underwent surgery for multifocal invasive hor-
mone-receptor positive ductal breast carcinoma of no special type, followed by chemotherapy, adju-
vant radiation and hormone therapy. Her comorbidity included arterial hypertension and type 2 dia-
betes. Six unruptured intracranial aneurysms of different bilateral locations were diagnosed inciden-
tally by multi-slice computed tomography angiography and digital subtraction angiography of cerebral 
vessels. Due to the bilateral aneurysm multiplicity, tumor characteristics and prognosis, comorbidity 
and relatively advanced age, the patient was not selected for active endovascular or microsurgical 
 aneurysm treatment but only periodical clinical, oncologic and radiological follow-up was advised. In 
conclusion, the risk of multiple intracranial aneurysm formation in patients with breast cancer under-
going radiation therapy is low, but still possible. Long-term follow-up and regular cerebral angio-
graphic check-up studies are necessary in selected malignant patients to decrease such a risk and to 
evade the worst outcome associated with aneurysm rupture.
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Introduction
Neoplastic etiology of intracranial cerebral aneu-
rysm formation is rare1,2. Yet, some authors indicate 
that the risk of its development is higher in malignant 
tumor patients who receive radiation therapy (RT), 
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particularly in those with a history of high radiation 
dose exposure to intracranial vessels3. However, such a 
risk is not always easy to define since the incidence of 
radiation-induced intracranial aneurysms may be af-
fected by many different aspects4. Nonetheless, it is 
rather essential to note that malignancy-related death 
may lower the reported incidence of radiation-induced 
intracranial aneurysms too3.
To our knowledge, the correlation between RT-
treated breast cancer and brain aneurysm is not well 
established. Yet, it is not clear whether postoperative 
irradiation in breast cancer patients increases the risk 
of cerebrovascular disease, although there are some re-
ports of an enlarged stroke incidence in such patients 
following RT to the supraclavicular lymph nodes5. 
The interim between RT and development of possible 
vascular complications including vasculopathy and in-
tracranial aneurysm formation is not strictly defined 
and also has to be taken in consideration6. Hence, such 
an interval is often long7. The risk of cerebral aneurysm 
formation may also be related to a higher dose of RT 
(in a limited field or larger exposure field). It may also 
depend on the mode of RT, as well as on a higher level 
of intracranial vessel atherosclerosis3, suggesting that 
elderly patients are more endangered and may have a 
shorter interval between RT and aneurysm appear-
ance in comparison to younger ones8.
Asymptomatic intracranial aneurysms, including 
multiple ones, are being more frequently detected than 
before due to the increasing use of modern high-reso-
lution imaging modalities9. Therefore, incidentally 
found aneurysms may be easily diagnosed even in neo-
plastic patients having different tumor etiology and 
location.
Multiple intracranial aneurysms are found in 17%-
33.2% of patients having sustained subarachnoid hem-
orrhage (SAH)10. Although the risk factors for multi-
ple aneurysm development are still not well known, 
they may be the same as for aneurysm formation in 
general, including high blood pressure, diabetes, smok-
ing, stress, age, and female gender10-13, as well as vessel 
endothelial dysfunction. Due to the possible negative 
effects of irradiation on intracranial vessel walls, the 
risk of aneurysm formation after RT continues to be 
debated3.
When breast cancer is concerned, conventional 
prognostic factors such as tumor size, histologic type, 
and lymph node status and grade remain important 
determinants of overall survival14. The prognosis is pri-
marily dependent on tumor molecular subtype and the 
three degree-of-spread categories, but generally has 
become rather good, with current 5-year relative sur-
vival approaching 80% of cases. Survival is longer in 
patients with localized disease than in those with re-
gional spread or metastatic invasive disease at diagno-
sis15. RT is crucial in the management of some types of 
such a cancer, since it may eradicate subclinical disease 
and reduce recurrence rates after surgery, increasing 
overall survival16. Concerning the spread of metastatic 
breast cancer, RT is even more important.
The aim of this study was to evaluate the risk of 
multiple intracranial aneurysm development in pa-
tients with malignant disease undergoing RT. It is 
based on literature review and case report of female 
patient with six brain aneurysms, having received RT 
after primary breast cancer surgery to decrease meta-
static spread of the disease.
Case Report
A 77-year-old female patient having undergone 
surgery for breast cancer followed by chemotherapy, 
adjuvant RT and hormone therapy was diagnosed 
with multiple intracranial unruptured aneurysms. 
Regulated arterial hypertension and non-insulin de-
pendent type 2 diabetes were found in the patient’s 
history. The patient was operated on due to the multi-
focal invasive ductal breast cancer of no special type 
(NST) in January 2016, when left-sided total mastec-
tomy and evacuation of the left axillary lymph nodes 
were performed. The Ki-67 immunohistochemical 
proliferation marker was used to classify biologically 
distinct tumor molecular subtype, to estimate its re-
lapse, and to investigate the potential benefits of adju-
vant therapy. Because she was a node-positive patient 
having a high Ki-67-labeling index (Ki-67 >25%) and 
Luminal B subtype indicating hormone-receptor pos-
itive faster-growing tumor, she underwent cyclophos-
phamide-methotrexate-fluorouracil (CMF) chemo-
therapy and adjuvant RT following surgery. The CMF 
chemotherapy protocol was applied through 6 four-
week cycles during the first postoperative year (be-
tween April and August 2016). A multi-fractionated 
total dose of 50 Gy in 25 fractions was prescribed as 
adjuvant RT during the same year. Afterwards, she 
was receiving oral hormone therapy with anastrazole, 
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which produces an antiestrogenic effect. On regular 
oncologic follow-ups, she was without radio-morpho-
logical signs of the disease relapse and/or tumor meta-
static dissemination.
Following a fall due to vertigo, and brain computed 
tomography (CT) routine examination in January 
2020, subsequently performed supra-selective digital 
subtraction angiography (DSA) and 3-dimensional 
Fig. 1. (A) Supra-selective right-sided digital subtraction angiography (DSA) of the cerebral vessels revealing two 
aneurysms situated at M1 segment and bifurcation of the right middle cerebral artery (MCA); (B) computed 
tomography 3-dimensional angiography (3D CTA) confirming two aneurysms situated at M1 segment and bifurcation 
of the right MCA.
A B
Fig. 2. (A) Supra-selective left-sided cerebral DSA revealing the left MCA bifurcation aneurysm accompanied by the 
anterior communicating artery (Acom) aneurysm, and additional two microaneurysms located at the left pericallosal 
artery; (B) computed tomography 3D angiography confirming the Acom aneurysm, together with the left MCA 
bifurcation aneurysm, and additional two microaneurysms of the left pericallosal artery.
A B
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CT angiography (3D CTA) of cerebral vessels revealed 
six intracranial aneurysms of different bilateral loca-
tions. Two of them were situated at the M1 segment 
and bifurcation of the right middle cerebral artery 
(MCA) (Fig. 1a,b). There was also the anterior com-
municating artery (Acom) aneurysm, along with the 
left MCA bifurcation aneurysm and another two mi-
croaneurysms located at the left pericallosal artery 
(Fig. 2a,b).
Due to the bilateral aneurysm multiplicity, tumor 
histopathology and molecular biology characteristics 
indicating faster-growing, potentially relapsing disease 
with relatively doubtful prognosis, comorbidity and her 
advanced age, the patient was not selected for active en-
dovascular or microsurgical aneurysm treatment.
Since the average overall 5-year survival for ad-
vanced breast cancer with high proliferation markers is 
roughly 18% following surgery and oncologic treat-
ment15, the conservative management together with 
periodical clinical, oncologic and radiological follow-
up was advised. Follow-up magnetic resonance angi-
ography (MRA) of the cerebral vessels was recom-
mended as a check-up measure at one year.
Discussion
The risk of multiple intracranial aneurysm forma-
tion in patients with malignant disease undergoing 
RT is not simple to explain4, since their incidence may 
be affected by many different features including tumor 
type, histopathology and molecular biology, comor-
bidity, age, gender, vasculature status and adjuvant 
therapy received.
Tumor molecular diversity, which is a robust char-
acteristic of breast cancer, may be responsible for tu-
mor recurrence, and it is also important in therapeutic 
decision-making affecting prognosis17,18. Such a diver-
sity demonstrates the necessity for personalized medi-
cine in the treatment of this malignant disease, where 
hormone therapy for estrogen‐receptor positive breast 
carcinoma is well‐described19,20. However, despite the 
benefits of endocrine therapy in postmenopausal 
women with hormone-receptor positive breast cancer, 
therapy-related side effects including thromboembolic 
events have to be taken in consideration20. Nonethe-
less, this therapy may substantially reduce the risk of 
breast cancer recurrence19, but the risk of developing 
vascular disease could be presumably increased due to 
the suppression of protective effects of estrogen on 
cardiovascular system and blood vessels21. Conse-
quently, different forms of arterial or venous vascular 
disease may be incited by hormone therapy for such a 
breast cancer. Accordingly, we speculated whether 
such therapy, which was prescribed to our patient on 
daily basis, was interconnected with multiple brain an-
eurysm formation.
It is also known that vascular endothelium in dia-
betic patients is more fragile and prone to producing 
atherosclerotic plaques, generating endothelial dysfunc-
tion, which together with oxidative stress additionally 
triggers atherogenesis22. This mechanism is more or less 
similar to the one responsible for aneurysm formation. 
Since our patient was also suffering from age-related 
atherosclerosis, arterial hypertension and type 2 diabe-
tes, it seems easy to presume that some of these factors 
may have been involved in aneurysm formation too.
Irradiation may cause a variety of cerebrovascular 
injuries and hemodynamic changes affecting cerebral 
arterial wall. The mechanism of radiation injury to ce-
rebral blood vessels is primarily related to phenotypic 
alterations in endothelium cells of the vessel wall23. 
Therefore, subsequent vasculopathy, inflammation and 
endothelial changes may also promote aneurysm 
growth8,24,25, but the incidence and natural history of 
RT-related aneurysms can only be speculated since 
this issue remains rather under-reported4,26. Such an-
eurysms were first identified in 1984 and 1987 and 
described as case reports of ruptured fusiform internal 
carotid artery (ICA) aneurysm following RT of supra-
sellar germinoma in a young girl27, and basilar artery 
(BA) aneurysm after RT for nasopharyngeal cancer28. 
Considering this, it is important to underline that 
gamma knife stereotactic radiosurgery (SRS) may also 
induce brain aneurysms due to the high-dose radiation 
delivered to a small volume focused field29.
Taking into consideration all the above mentioned 
possible causes of intracranial aneurysm formation 
and remembering our patient’s history of the disease, 
we believe that the main reason for this was RT, since 
ionizing radiation is most suitable to induce aneurysm 
growth and generate their multiplicity. Therefore, we 
are convinced that multiple aneurysms were induced 
by RT in our patient, although she was burdened with 
other possible risk factors too.
In conclusion, neoplastic cerebral aneurysms are 
rare but may be associated with poor outcome, which 
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is mostly unrelated to the prognosis of the underlying 
malignant disease. The risk of multiple intracranial an-
eurysm formation in patients with breast cancer un-
dergoing RT is low, but still possible. Therefore, long-
term clinical follow-up and regular cerebral angio-
graphic check-up studies are necessary for selected 
malignant patients having radiation dose exposure to 
decrease the risk of intracranial aneurysm formation, 
as well as to evade the worst outcome associated with 
possible aneurysm rupture. To support our conclu-
sions, additional reading and systematic review of the 
literature are needed.
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Sažetak
RIZIK NASTANKA VIŠESTRUKIH INTRAKRANIJSKIH ANEURIZMI  
U IRADIJACIJSKI LIJEČENIH BOLESNIKA S MALIGNOM BOLEŠĆU:  
PRIKAZ SLUČAJA I PREGLED LITERATURE
K. Rotim, B. Splavski, Z. Trkanjec, V. Kalousek, A. Rotim i T. Sajko
Neoplastička etiologija intrakranijskih aneurizmi je rijetka. Unatoč tomu, rizik za njihov nastanak povećan je u bolesnika 
s malignim tumorima koji primaju iradijacijsku terapiju. Poslijeoperacijska iradijacija ključna je u liječenju pojedinih tipova 
karcinoma dojke, ali može imati negativan učinak na stijenku intrakranijskih krvnih žila povećavajući rizik nastanka cerebral-
nih aneurizmi nakon provedenog zračenja, što je stalni predmet rasprave. Cilj je ovoga rada bio prosuditi rizik nastanka više-
strukih intrakranijskih aneurizmi u bolesnice kod koje je provedeno zračenje u svrhu nastavka liječenja maligne bolesti. Rad 
je temeljen na pregledu literature i prikazu slučaja bolesnice u dobi od 77 godina s tumorom dojke koja je operirana zbog 
nespecifičnog tipa multifokalnog, invazivnog, hormonski aktivnog duktalnog karcinoma nakon čega su provedeni kemotera-
pija, zračenje i hormonska terapija. Bolesnica se je također liječila od arterijske hipertenzije i dijabetesa tipa 2. U bolesnice je 
pomoću višeslojne kompjutorske tomografske angiografije i digitalne subtrakcijske angiografije moždanih krvnih žila 
 dijagnosticirano šest nerupturiranih intrakranijskih aneurizmi obostrane lokalizacije. Uzimajući u obzir smještaj višestrukiih 
aneurizmi, kao i osobite značajke tumora i prognozu maligne bolesti te komorbiditet i relativno visoku životnu dob, u bole-
snice nije provedeno aktivno endovaskularno ili mikrokirurško liječenje nerupturiranih aneurizmi, nego je preporučeno 
 redovito kliničko, onkološko i radiološko praćenje. Zaključujemo kako je rizik nastanka višestrukih intrakranijskih aneurizmi 
u bolesnica s karcinomom dojke podvrgnutih iradijacijskom liječenju relativno malen, ali ipak moguć. Stoga su dugotrajno 
kliničko praćenje i redovita angiografska dijagnostička provjera nužni u selekcioniranih bolesnika kako bi se ovaj rizik uma-
njio i kako bi se spriječio nepovoljan ishod liječenja nastao uslijed moguće rupture cerebralne aneurizme.
Ključne riječi: Aneurizme, intrakranijske, višestruke; Karcinom dojke; Iradijacijsko liječenje
